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Abstract

Background: The drug resistance of Helicobacter pylori in children is gaining more and more attention.

Methods: Polymerase chain reaction-reverse dot blot was used to analyze main virulence genes and drug resistance of H. pylori.
Results: (1) The main H. pylori vacA virulence genotypes were s1/m1 and s1/m2 in Jilin, China. There was no significant difference in
H. pylori virulence genotypes between children and adults. (2) The resistance rates of H. pylori to clarithromycin, metronidazole, and
levofloxacin were high, the resistance rate to tetracycline and amoxicillin were relatively low. The drug-resistance rate of clarithromy-
cin in children was significantly higher than that in adults. The single drug-resistance rate of metronidazole in adults was significantly
higher than that in children. (3) The mutation sites of clarithromycin resistance in H. pylori were mainly A2143G of 23S rRNA gene,
G616A of rdxA gene in metronidazole, N81K and D91G/N/Y of gyrA gene in levofloxacin, T556S and N562D/Y of PBP1 gene in amoxi-
cillin, AGA926-928TTC and AG926-927GT of 16S rRNA gene in tetracycline. There was significant difference in D91Y of gyrA gene in
levofloxacin between children and adults. (4) In different groups, the drug-resistance rate of clarithromycin in male children was higher
than that in male adults. The drug-resistance rate of clarithromycin in children with peptic ulcers was higher than that in adults.
Conclusion: There are some differences in drug resistance of H. pylori between children and adults, which indicated us to pay attention

to the infection of H. pylori in children.
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INTRODUCTION

Helicobacter pylori is a gram-negative microaerobic bac-
terium that can be transmitted from person to person
through oral to oral or fecal to oral routes. Some indirect
evidence has been reported to be transmitted through
drinking waterand other environmental sources."? At pres-
ent, it has caused global population infection. As a devel-
oping country, China has a high infection rate of H. pylori,
averaging about 55%.% Chronic active gastritis occurs
in almost all patients with or without clinical symptoms
after H. pylori infection. Studies have confirmed that the
pathogenicity of H. pylori is mainly related to virulence
factors. The expression of H. pylori virulence genes from
different strains is different.

H. pyloriinfection is the main cause of chronic gastritis and

peptic ulcer in children. In adults, it can cause many gas-
trointestinal diseases, especially gastric cancer.*2H. pylori
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eradication promotes peptic ulcer healing and reduces the
incidence of complications,® and also a primary preventive
measure for gastric cancer. However, with the widespread
use of antibiotics, the resistance of H. pylori to antibiot-
ics has gradually increased in recent years,'® which has
become the main reason for the failure of H. pylori eradi-
cation. Obtaining the background of H. pylori resistance
in the local area and comparing the differences between
children and adults can guide rational drug use in the
clinic, maximize the initial eradication rate of H. pylori, and
bring practical benefits to patients.

In this study, polymerase chain reaction-reverse dot blot
(PCR-RDB) was used to detect virulence genotypes and
drug resistance of H. pylori to 5 antibiotics. To explore the
background of H. pylori resistance in Jilin, China, and the
differences between children and adults, so as to provide
a reference for drug selection.
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MATERIALS AND METHODS

Ethics

All procedures performed in studies involving human par-
ticipants were according to the Ethics Committee’s ethi-
cal standards and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.
Informed consent was obtained from all the patients.

Participants

Collection of gastric mucosa samples from patients with
gastrointestinal symptoms who received electronic gas-
troscopy from July to December 2019 and confirmed
positive for H. pylori by rapid urease test (RUT). Inclusion
criteria: (1) no antibiotics, proton pump inhibitors (PPI),
H2 receptor antagonists, bismuth agents were used in
the past 4 weeks; (2) no bleeding or perforation of gastric
and duodenal lesions; and (3) no major systemic diseases
or life-threatening diseases. Samples of gastric mucosa
were collected and placed in the collection tube. The
samples were stored at —80°C. All patients came from Jilin
and signed the informed consent.

Research Methods

Nucleic Acid Extraction

Gastric mucosa samples were taken and DNA was
extracted by using “nucleic acid extraction reagent”
(Hangzhou Qianji Biotechnology Co. Ltd. Hangzhou,
Zhejiang, China), and the specific steps were carried out
according to the instruction.

PCR Amplification

Nucleic acid samples were collected and amplified using
amplification reaction liquid (primer pairs were designed
by Hangzhou Meilian Medical Inspection Co., Ltd. accord-
ing to the sequence of H. pylori UreA gene, VacA gene

Main Points

The drug-resistance rate of clarithromycin in children was
significantly higher than that in adults. The single drug-
resistance rate of metronidazole in adults was significantly
higher than that in children.

In different groups, the drug-resistance rate of clarithro-
mycin in male children was higher than that in male adults;
in different disease, the drug-resistance rate of clarithro-
mycin in children with peptic ulcer was higher than that in
adults.

Children and adults are different in drug resistance of
Helicobacter pylori. Pediatricians should pay attention to
this problem.

and 5 drug-resistant genes). In the amplifier, nucleic acid
samples were amplified according to the following condi-
tions: UNG enzyme reaction at 50°C for 10 min, 1 cycle;
pre-denaturation at 95°C for 10 min, 1 cycle; denaturation
at 5°C for 30 s, annealing at 56°C for 30 s, elongation at
72°C for 30 s, 45 cycles, and elongation at 72°C for 5 min,
1 cycle.

Hybridization and Coloration

Membrane strips marked with sample number were put
into 15 mL plastic centrifugal tube and 7-8 mL of solution
A was added, then 3 tubes of PCR amplification products
with corresponding to sample number were added, a cen-
trifugal tube was heated in boiling water bath for 10 min,
and then hybridized at 48°C for 1.5 h. Then the membrane
strips were removed and transferred into a 50 mL cen-
trifugal tube with preheated B liquid. It was washed gently
at 48°C for 15 min, and at room temperature, the mem-
brane strips were placed into the incubation solution and
gently soaked for 30 min, and then the incubation solu-
tion was discarded. The membrane strip was immersed
in the developing solution for 5-10 min, then rinsed with
pure water 1-2 times to observe the results. Internal con-
trol was designed to amplify the human housekeeping
gene, namely beta-globin gene with specific primers and
hybridization detection with specific probes to eliminate
the false negative. We use first-generation sequencing as
a reference standard to compare the results obtained.

Statistical Method

SPSS 24.0 statistical software was used for analysis, and
the chi-square test was used to analyze and compare
the relationship between groups. P < .05 had a statistical
difference.

RESULTS

Detection Rate of H. pylori-Positive Results by
PCR-DRB

Among 113 gastric mucosa samples with RUT positive,
the coloration of s1,s2, m1/m2, UreA, and Internal Control
position can be seen in 30 children and 40 adults through
PCR-RDB. The positive rate in children was 68.2%
(30/44), and that in adults was 58.0% (40/69).

Detection of H. pylori Virulence Gene

H. pylori virulence gene was analyzed in 30 children and
40 adults. The results are shown in Table 1. UreA gene
and VacA gene were detected in all H. pylori-positive
samples. The positive rates of VacA s1/m1 in children
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Table 1. Major Virulence Genotypes of Helicobacter pyloriin ~
Children and Adults x| © o
[}
Children Adult £
o)
H. pylori Virulence Genotypes  n % n % g
s1/mi1 12 400 17 425 B S
s1/m2 16 53.3 22 55.0
sim1/m2 1 3.3 1 25 » o
s1/s2m2 1 33 0 0 c fle w
o
and adults were 44.4% (12/30) and 42.5% (17/40), and 3
that of VacA s1/m2 in children and adults were 53.3% § Sle o
(16/30) and 55.0% (22/40), respectively. The positive
rates of VacA s1m1/m2 in children and adults were 3.3%
(1/30) and 2.5% (1/40), respectively. VacA s1/s2m2 was é <2 2
detected in 1 child (3.3%). The m1 and m2 genes were = Tl ®
generally complementary, and the s1/m2 genotype was 29
more than s1/m1. There was no significant difference in g3
virulence genotypes of H. pylori between children and § S
adults. 8 3] S|y v
S
H. pylori Resistance to Five Antibiotics ;
Except that 9 strains were sensitive to 5 antibiotics in £ 2|8 o
adults, and other samples with H. pylori-positive were Z| o e
resistant to antibiotics. The clarithromycin resistance rate §
was the highest, 86.7% (26/30) in children and 60.0% = 2
(24/40) in adults. The second was metronidazole and § % clo o
levofloxacin, 26.7% (8/30) and 40.0% (12/30) in children 8 b3 -
and 32.5% (13/40) and 30.0% (12/40) in adults, respec- 8
tively. The resistance rates to amoxicillin and tetracycline §
were 13.3% (4/30) and 6.7% (2/30) in children and 5.0% x ~ o
(2/40) and 12.5% (5/40) in adults, respectively. The drug- § Sle g
resistance rate of clarithromycin in children was signifi- 2 £
cantly higher than that in adults (P = .0174), but there = £
was no significant difference in the drug-resistance rate <a(>) £
of other antibiotics between children and adults (see i-g E clo <«
Table 2 for details). b o oo
&
H. pylori Resistance Pattern {3) @
Single drug-resistance pattern: 9 of 40 adults with .§ &L
H. pylori-positive strains were sensitive to 5 antibiotics % §§ o
(22.5%) and 30 children with H. pylori-positive strains I 5 ;.‘3‘5 g 2
were all resistant to antibiotics. There were 7 clarithromy- S gca
cinresistance strainsin children (23.3%), 5 strainsinadults § £
(16.1%); 1 amoxicillin resistance strain in children (3.3%), & z
1 strain in adults (3.2%); and 6 metronidazole resistance &u;
strains in adults (19.4%). Two levofloxacin resistance o 5
strains in children (6.7%). No single drug-resistant strains 2 %' S =
of tetracycline were detected. The single drug-resistance e 516 2
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rate of metronidazole in adults was significantly higher
than that in children (P =.024).

Dual drug-resistance pattern: there were 17 strains in
children and 13 strains in adults. Among them, there
were 6 clarithromycin + metronidazole-resistant strains
in children (20.0%), 4 strains in adults (12.9%), 8 clar-
ithromycin +levofloxacin-resistant strains in children, and
6 strains in adults (26.7 and 19.4%), and 1 clarithromy-
cin+amoxicillin-resistant strain in children and adults,
respectively (3.3 and 3.2%); 1 clarithromycin + tetracy-
cline-resistant strain in children (3.3%), and 2 strains in
adults (6.5%); 1 levofloxacin+metronidazole strain in
children accounted for 3.3%.

Multidrug resistance pattern: there were 3 triple drug-
resistant strains in children, accounting for 10.0%, of
which  clarithromycin + cevofloxacin +amoxicillin -~ was
2 strain, accounting for 6.7%, tetracycline + clarithromy-
cin+metronidazole was 1 strain, accounting for 3.3%.
There were 6 triple-resistant strains in adults, of which
3 were clarithromycin +metronidazole +levofloxacin,
accounting for 9.7%, and 3 were clarithromycin +levo-
floxacin + tetracycline, accounting for 9.7%. There were
no differences in dual and multi-drug-resistance rates
between adults and children (see Table 3 for details).

Table 3. Drug-Resistance Pattern of Helicobacter pylori to Antibiotics

Distribution of H. pylori Resistance Mutation Genes

In this study, 12 mutation phenotypes of 5 H. pylori resis-
tance genes were detected, and the distribution was
shown in Table 4.

Among 30 H. pylori resistance strains in children, 23S
rRNA gene mutations were detected in all 26 clarithro-
mycin-resistant H. pylori strains; the mutation sites were
A2142G (3.3%) and A2143G (83.3%). Of 8 metronida-
zole-resistant H. pylori strains, G616A of the rdxA gene
was the most common mutation (26.7%). Four muta-
tion sites of the gyrA gene were detected in 12 levoflox-
acin-resistant H. pylori strains, namely N87K (20.0%),
D91G (6.7%), DO1Y (16.7%), and D91N (3.3%). T556S
(10.0%), N562Y (3.3%), and N562D (3.3%) mutations
of PBP1 gene were detected in 4 amoxicillin-resistant H.
pylori strains. Two tetracycline-resistant H. pylori strains
detected mutations in AGA926-928TTC (3.3%) and
AG926-927GT (3.3%), respectively.

Among 31 H. pylori resistance strains in adults, 23S rRNA
gene mutations were detected in 24 clarithromycin-resis-
tant H. pylori strains, and the mutation sites were A2143G
(77.4%). Of 13 metronidazole-resistant H. pylori strains,
all mutations were G616A of the rdxA gene (41.9%).
Three mutation sites of the gyrA gene were detected in
12 levofloxacin-resistant H. pylori strains, namely N87K

Group

Children (Total Number of
Drug-Resistant Strains = 30)

Adults (Total Number of
Drug-Resistant Strains = 31)

Drug-resistant strains n % n %
Clarithromycin 7 23.3 5 16.1
Metronidazole 0 0 6 19.4
Levofloxacin 2 6.7 0 1
Amoxicillin 1 3.3 1 3.2
Tetracycline 0 0 0 0
Clarithromycin + Metronidazole 6 20.0 4 12.9
Clarithromycin + Levofloxacin 8 26.7 6 19.4
Clarithromycin + Amoxicillin 1 3.3 1 3.2
Clarithromycin + Tetracycline 1 3.3 2 6.5
Levofloxacin + Metronidazole 1 3.3 0

ClarithromycinL + Levofloxacin + Amoxicillin 2 6.7 0

Tetracycline + Levofloxacin + Metronidazole 1 3.3 0

ClarithromycinL + Metronidazole + Levofloxacin 0 3 9.7
ClarithromycinL + Levofloxacin + Tetracycline 3 9.7

1015



Turk J Gastroenterol 2021; 32(12): 1012-1018

Wanglibo et al. Drug Resistance of Helicobacter pylori

Table 4. Distribution of Helicobacter pylori Resistance Mutation
Genes

Mutation Sites in H. Group
pylori Resistance
Mutation Genes Children Adults
n % n %
Clarithromycin
A2142G 1 3.3 0 0
A2143G 25 83.3 24 77.4
Metronidazole
G616A 8 26.7 13 41.9
Levofloxacin
N87K
D91G 2 6.7 4 12.9
DI1Y 5 16.7 0 0
D91N 1 3.3 2 6.5
Amoxicillin
T556S 3 10.0 1 3.2
N562Y 1 3.3 0 0
N562D 1 3.3 1 3.2
Tetracycline
AGA926-928TTC 1 3.3 1 3.2
AG926-927GT 1 3.3 4 12.9

(19.4%), D91G (12.9%), and D91N (6.5%). T556S (3.2%)
and N562D (3.2%) mutations of the PBP1 gene were
detected in 2 amoxicillin-resistant H. pylori strains. The
mutation gene of 5 tetracycline-resistant H. pylori strains
was all 16S rRNA; the main mutation sites were AGA926-
928TTC (3.2%) and AG926-927GT (12.9%).

There was a significant difference in D91Y of the gyrA gene
in levofloxacin between children and adults (P = .024).

The relationship between H. pylori resistance and
gender, disease types

The resistance rates of H. pylori to 5 antibiotics in differ-
ent groups were compared, as shown in Table 5.

In different gender groups, the drug resistance rates of
clarithromycin in male children were higher than those in
male adults (P = .0035). There was no significant differ-
ence in other groups.

In different disease types, the drug-resistance rate of clar-
ithromycin in children with peptic ulcers was higher than
in adults (P = .0053). There was no significant difference

in other groups. Non-ulcer dyspepsia includes gastritis
and gastric polyp.

DISCUSSION

H. pylori infection can cause chronic progressive gastri-
tis and various diseases, including stomach ulcer, duode-
nal ulcer, and gastric cancer. It has been proved that H.
pylori eradication can reduce the incidence of gastric can-
cer. Therefore, scholars believe that every region should
understand the background of H. pylori drug resistance,
especially for children, and select proper drugs to improve
the eradication rate.

H. pylori mainly resides on the surface of human gastric
mucosal epithelial cells and a gastric mucus layer. It has
been pointed out that H. pylori can damage gastric muco-
sal epithelial cells mainly by producing vacuolating toxins
and promote the occurrence of inflammation. The gene
encoding vacA toxin is the vacA gene. The coding region
of the vacA gene can be divided into gene signal region
(s region, there are s1 and s2 alleles) and open reading
frame intermediate region (m region, there are m1 and
m2 alleles)." In addition, cytotoxin-associated genes cagA
is another major virulence gene in the pathogenesis of H.
pylori. Still, due to the limitation of the current technol-
ogy, we mainly detected vacA genotype. Generally speak-
ing, vacA s1/m1 gene encodes a large number of toxin
proteins, s1/m2 encodes a moderate amount of toxin
proteins, and s2/m1 and s2/m2 encode a lower amount
of toxin proteins. In this study, the vacA s1 gene was posi-
tive in almost all H. pylori-positive individuals, mainly s1/
m2 and s1/m1. This is consistent with the virulence domi-
nant genotype reported by Hai et al,'>'® suggesting that
the pathogenicity of H. pylori in Jilin is strong and easy to
cause clinical diseases; however, we did not find signifi-
cant differences in the virulence genotypes between chil-
dren and adults, which suggests that we should also pay
attention to the infection of H. pylori in children.

A meta-analysis reported that the resistance rates of H.
pylori to clarithromycin, metronidazole, and levofloxacin
were 28.9, 63.8, and 28%, respectively.'* Drug resistance
of H. pylori varies in different areas. Our results showed
that the resistance rate of H. pylori to clarithromycin
was the highest in Jilin (86.7% in children and 60.0% in
adults), followed by metronidazole and levofloxacin, the
resistance rate of H. pylori to tetracycline and amoxicil-
lin were low. The results are consistent with the situa-
tion of H. pylori resistance in China; however, the specific
drug resistance rate is generally higher than the average
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Table 5. The Relationship Between Helicobacter pylori Resistance and Gender, Disease Types

Variable Clarithromycin Metronidazole Levofloxacin Amoxicillin Tetracycline
Male
Children 20(66.7%) 7(23.3%) 9(30.0%) 2(6.7%) 2(6.7%)
Adults 12(30.0%) 10(25.0%) 5(12.5%) 1(2.5%) 4(10.0%)
Female
Children 6(20.0%) 1(3.3%) 3(10.0%) 2(6.7%) 0(0)
Adults 12(30.0%) 3(7.5%) 7(17.5%) 1(2.5%) 1(2.5%)
Non-ulcer

dyspepsia
Children 13(43.3%) 5(16.7%) 7(23.3%) 3(10.0%) 2(6.7%)
Adults 19(47.5%) 10(25.0%) 9(22.5%) 1(2.5%) 5(12.5%)
Peptic ulcer
Children 13(43.3%) 3(10.0%) 5(16.7%) 1(3.3%) 0(0)
Adults 5(12.5%) 3(7.5%) 3(7.5%) 1(2.5%) 0(0)

level of the domestic population. They were considering
the small sample size, and RUT positive samples were
included in this study.

Inthe early 1990s, standard triple therapy (PPl plus 2 anti-
biotics) was used to eradicate H. pyloriwith a success rate
of 90%. However, with the increase of drug resistance,
current studies have pointed out that the eradication
rate of H. pylori in drug-resistant H. pylori infections has
been less than 50%,'far from reaching the desired level.
In view of the above situation, China's guidelines recom-
mend Bismuth-containing quadruple therapy (PPI plus
Bismuth plus 2 antibiotics) as the main empirical treat-
ment for H. pylori infection in adults, and Bismuth-free
triple therapy for children. According to the background
study of H. pylori resistance in Jilin, amoxicillin is recom-
mended as a first-line drug choice, especially in children,
and for adults and children over 8 years of age, tetracy-
cline is also recommended. Clarithromycin is not recom-
mended as a first-line treatment. The resistance rate of
metronidazole and levofloxacin has reached about 30%,
which is not recommended for primary treatment and
can be used as a remedial treatment.

More importantly, we found that there are some dif-
ferences between children and adults in the drug resis-
tance of H. pylori. For example, the drug-resistance rate
of clarithromycin in children was significantly higher
than that in adults, especially in children with peptic
ulcer. This indicates that we should not select antibiot-
ics for children according to the drug resistance of H.
pyloriin adults. In the future, we will increase the sample

size to establish the background of drug resistance of
H. pylori in children. In addition, there are relatively few
drugs available for eradicating H. pylori in children, which
also urges us to develop new therapeutic drugs as soon
as possible.
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